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OXYMORPHONE CONTROLLED RELEASE 
FORMULATIONS 

RELATED APPLICATIONS 

This application is a continuation of US. patent applica 
tion Ser. No. 10/190,192 ?led Jul. 3, 2002 and claims priority 
to US. Provisional Patent Application Ser. Nos. 60/329,445 
?led Oct. 15, 2001, 60/329,432 ?led Oct. 15, 2001, 60/303, 
357 ?led Jul. 6, 2001, and 60/329,444 ?led Oct. 15, 2001, 
Which are incorporated herein by reference to the extent per 
mitted by laW. 

BACKGROUND OF THE INVENTION 

Pain is the most frequently reported symptom and it is a 
common clinical problem Which confronts the clinician. 
Many millions of people in the USA suffer from severe pain 
that, according to numerous recent reports, is chronically 
undertreated or inappropriately managed. The clinical use 
fulness of the analgesic properties of opioids has been recog 
niZed for centuries, and morphine and its derivatives have 
been Widely employed for analgesia for decades in a variety 
of clinical pain states. 
Oxymorphone HCl (14-hydroxydihydromorphinone 

hydrochloride) is a semi-synthetic phenanthrene-derivative 
opioid agonist, Widely used in the treatment of acute and 
chronic pain, With analgesic e?icacy comparable to other 
opioid analgesics. Oxymorphone is currently marketed as an 
injection (1 mg/ml in 1 ml ampules; 1.5 mg/ml in 1 ml 
ampules; 1.5 mg/ml in 10 ml multiple dose vials) for intra 
muscular, subcutaneous, and intravenous administration, and 
as 5 mg rectal suppositories. At one time, 2 mg, 5 mg and 10 
mg oral immediate release (IR) tablet formulations of oxy 
morphone HCl Were marketed. Oxymorphone HCl is 
metaboliZed principally in the liver and undergoes conjuga 
tion With glucuronic acid and reduction to 6-alpha- and beta 
hydroxy epimers. 
An important goal of analgesic therapy is to achieve con 

tinuous relief of chronic pain. Regular administration of an 
analgesic is generally required to ensure that the next dose is 
given before the effects of the previous dose have Worn off. 
Compliance With opioids increases as the required dosing 
frequency decreases. Non-compliance results in suboptimal 
pain control and poor quality of life outcomes. (Ferrell B et al. 
Effects of controlled-release morphine on quality of life for 
cancer pain. Oncol. Nur. Forum 1989; 4:521-26). Scheduled, 
rather than “as needed” administration of opioids is currently 
recommended in guidelines for their use in chronic non 
malignant pain. Unfortunately, evidence from prior clinical 
trials and clinical experience suggests that the short duration 
of action of immediate release oxymorphone Would necessi 
tate administration every 4-6 hours in order to maintain opti 
mal levels of analgesia in chronic pain. A controlled release 
formulation Which Would alloW less frequent dosing of oxy 
morphone Would be useful in pain management. 

For instance, a controlled release formulation of morphine 
has been demonstrated to provide patients feWer interruptions 
in sleep, reduced dependence on caregivers, improved com 
pliance, enhanced quality of life outcomes, and increased 
control over the management of pain. In addition, the con 
trolled release formulation of morphine Was reported to pro 
vide more constant plasma concentration and clinical effects, 
less frequent peak to trough ?uctuations, reduced dosing 
frequency, and possibly feWer side effects. (ThirlWell M P et 
al., Pharmacokinetics and clinical ef?cacy of oral morphine 
solution and controlled-release morphine tablets in cancer 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
patients. Cancer 1989; 63:2275-83; Goughnour B R et al., 
Analgesic response to single and multiple doses of con 
trolled-release morphine tablets and morphine oral solution 
in cancer patients. Cancer 1989; 63:2294-97; Ferrell B. et al., 
Effects of controlled-release morphine on quality of life for 
cancer pain. Oncol. Nur Forum 1989; 4:521-26. 

There are tWo factors associated With the metabolism of 
some drugs that may present problems for their use in con 
trolled release systems. One is the ability of the drug to induce 
or inhibit enZyme synthesis, Which may result in a ?uctuating 
drug blood plasma level With chronic dosing. The other is a 
?uctuating drug blood level due to intestinal (or other tissue) 
metabolism or through a hepatic ?rst-pass effect. 
Oxymorphone is metaboliZed principally in the liver, 

resulting in an oral bioavailability of about 10%. Evidence 
from clinical experience suggests that the short duration of 
action of immediate release oxymorphone necessitates a four 
hour dosing schedule to maintain optimal levels of analgesia. 
It Would be useful to clinicians and patients alike to have 
controlled release dosage forms of oxymorphone to use to 
treat pain and a method of treating pain using the dosage 
forms. 

SUMMARY OF THE INVENTION 

The present invention provides methods for relieving pain 
by administering a controlled release pharmaceutical tablet 
containing oxymorphone Which produces at least a predeter 
mined minimum blood plasma level for at least 12 hours after 
dosing, as Well as tablets that produce the sustained pain relief 
over this time period. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a pharmacokinetic pro?le for 6-hydroxy oxymor 
phone With PID scores. 

FIG. 2 is a pharmacokinetic pro?le for oxymorphone With 
PID scores. 

FIG. 3 is a pharmacokinetic pro?le for 6-hydroxy oxymor 
phone With categorical pain scores. 

FIG. 4 is a pharmacokinetic pro?le for oxymorphone With 
categorical pain scores. 

FIG. 5 is a graph of the mean blood plasma concentration 
of oxymorphone versus time for clinical study 1. 

FIG. 6 is a graph of the mean blood plasma concentration 
of oxymorphone versus time for clinical study 2. 

FIG. 7 is a graph of the mean blood plasma concentration 
of oxymorphone versus time for clinical study 3. 

FIG. 8 is a graph of the mean blood plasma concentration 
of 6-hydroxy oxymorphone versus time for clinical study 3. 

FIG. 9 is a graph of the mean blood plasma concentration 
of oxymorphone for immediate and controlled release tablets 
from a single dose study. 

FIG. 10 is a graph of the mean blood plasma concentration 
of oxymorphone for immediate and controlled release tablets 
from a steady state study. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides methods for alleviating 
pain for 12 to 24 hours using a single dose of a pharmaceutical 
composition by producing a blood plasma level of oxymor 
phone and/or 6-OH oxymorphone of at least a minimum 
value for at least 12 hours or more. As used herein, the terms 
“6-OH oxymorphone” and “6-hydroxy oxymorphone” are 
interchangeable and refer to the analog of oxymorphone hav 
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ing an alcohol (hydroxy) moiety that replaces the carboxy 
moiety found on oxymorphone at the 6-position. 

To overcome the di?iculties associated With a 4-6 hourly 
do sing frequency of oxymorphone, this invention provides an 
oxymorphone controlled release oral solid dosage form, com 
prising a therapeutically effective amount of oxymorphone or 
a pharmaceutically acceptable salt of oxymorphone. It has 
been found that the decreased rate of release of oxymorphone 
from the oral controlled release formulation of this invention 
does not substantially decrease the bioavailability of the drug 
as compared to the same dose of a solution of oxymorphone 
administered orally. The bioavailability is suf?ciently high 
and the release rate is such that a suf?cient plasma level of 
oxymorphone and/or 6-OH oxymorphone is maintained to 
alloW the controlled release dosage to be used to treat patients 
suffering moderate to severe pain With once or tWice daily 
dosing. The dosing form of the present invention can also be 
used With thrice daily dosing. 

It is critical When considering the present invention that the 
difference betWeen a controlled release tablet and an imme 
diate release formulation be fully understood. In classical 
terms, an immediate release formulation releases at least 80% 
of its active pharmaceutical ingredient Within 30 minutes. 
With reference to the present invention, the de?nition of an 
immediate release formulation Will be broadened further to 
include a formulation Which releases more than about 80% of 
its active pharmaceutical ingredient Within 60 minutes in a 
standard USP Paddle Method dissolution test at 50 rpm in 500 
ml media having a pH of betWeen 1.2 and 6.8 at 37° C. 
“Controlled release” formulations, as referred to herein, Will 
then encompass any formulations Which release no more than 
about 80% of their active pharmaceutical ingredients Within 
60 minutes under the same conditions. 
The controlled release dosage form of this invention exhib 

its a dissolution rate in vitro, When measured by USP Paddle 
Method at 50 rpm in 500 ml media having a pH betWeen 1.2 
and 6.8 at 37° C., of about 15% to about 50% by Weight 
oxymorphone released after 1 hour, about 45% to about 80% 
by Weight oxymorphone released after 4 hours, and at least 
about 80% by Weight oxymorphone released after 10 hours. 
When administered orally to humans, an effective con 

trolled release dosage form of oxymorphone should exhibit 
the folloWing in vivo characteristics: (a) peak plasma level of 
oxymorphone occurs Within about 1 to about 8 hours after 
administration; (b) peak plasma level of 6-OH oxymorphone 
occurs Within about 1 to about 8 hours after administration; 
(c) duration of analgesic effect is through about 8 to about 24 
hours after administration; (d) relative oxymorphone bio 
availability is in the range of about 0.5 to about 1.5 compared 
to an orally-administered aqueous solution of oxymorphone; 
and (e) the ratio of the area under the curve of blood plasma 
level vs. time for 6-OH oxymorphone compared to oxymor 
phone is in the range of about 0.5 to about 1 .5. Of course, there 
is variation of these parameters among subjects, depending 
on the siZe and Weight of the individual subject, the subject’ s 
age, individual metabolism differences, and other factors. 
Indeed, the parameters may vary in an individual from day to 
day. Accordingly, the parameters set forth above are intended 
to be mean values from a suf?ciently large study so as to 
minimize the effect of individual variation in arriving at the 
values. A convenient method for arriving at such values is by 
conducting a study in accordance With standard FDA proce 
dures such as those employed in producing results for use in 
a neW drug application (or abbreviated neW drug application) 
before the FDA. Any reference to mean values herein, in 
conjunction With desired results, refer to results from such a 
study, or some comparable study. Reference to mean values 
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4 
reported herein for studies actually conducted are arrived at 
using standard statistical methods as Would be employed by 
one skilled in the art of pharmaceutical formulation and test 
ing for regulatory approval. 

In one speci?c embodiment of the controlled release 
matrix form of the invention, the oxymorphone or salt of 
oxymorphone is dispersed in a controlled release delivery 
system that comprises a hydrophilic material Which, upon 
exposure to gastrointestinal ?uid, forms a gel matrix that 
releases oxymorphone at a controlled rate. The rate of release 
of oxymorphone from the matrix depends on the drug’s par 
tition coef?cient betWeen components of the matrix and the 
aqueous phase Within the gastrointestinal tract. In a preferred 
form of this embodiment, the hydrophilic material of the 
controlled release delivery system comprises a mixture of a 
heteropolysaccharide gum and an agent capable of cross 
linking the heteropolysaccharide in presence of gastrointes 
tinal ?uid. The controlled release delivery system may also 
comprise a Water-soluble pharmaceutical diluent mixed With 
the hydrophilic material. Preferably, the cross-linking agent 
is a homopolysaccharide gum and the inert pharmaceutical 
diluent is a monosaccharide, a disaccharide, or a polyhydric 
alcohol, or a mixture thereof. 

In a speci?c preferred embodiment, the appropriate blood 
plasma levels of oxymorphone and 6-hydroxy oxymorphone 
are achieved using oxymorphone in the form of oxymorphone 
hydrochloride, Wherein the Weight ratio of heteropolysaccha 
ride to homopolysaccharide is in the range of about 1:3 to 
about 3: 1, the Weight ratio ofheteropolysaccharide to diluent 
is in the range of about 1:8 to about 8: 1, and the Weight ratio 
of heteropolysaccharide to oxymorphone hydrochloride is in 
the range of about 10:1 to about 1:10. A preferred het 
eropolysaccharide is xanthan gum and a preferred 
homopolysaccharide is locust bean gum. The dosage form 
also comprises a cationic cross-linking agent and a hydropho 
bic polymer. In the preferred embodiment, the dosage form is 
a tablet containing about 5 mg to about 80 mg of oxymor 
phone hydrochloride. In a most preferred embodiment, the 
tablet contains about 20 mg oxymorphone hydrochloride. 

The invention includes a method Which comprises achiev 
ing appropriate blood plasma levels of drug While providing 
extended pain relief by administering one to three times per 
day to a patient suffering moderate to severe, acute or chronic 
pain, an oxymorphone controlled release oral solid dosage 
form of the invention in an amount suf?cient to alleviate the 
pain for a period of about 8 hours to about 24 hours. This type 
and intensity of pain is often associated With cancer, autoim 
mune diseases, infections, surgical and accidental traumas 
and osteoarthritis. 
The invention also includes a method of making an oxy 

morphone controlled release oral solid dosage form of the 
invention Which comprises mixing particles of oxymorphone 
or a pharmaceutically acceptable salt of oxymorphone With 
granules comprising the controlled release delivery system, 
preferably folloWed by directly compressing the mixture to 
form tablets. 

Pharmaceutically acceptable salts of oxymorphone Which 
can be used in this invention include salts With the inorganic 
and organic acids Which are commonly used to produce non 
toxic salts of medicinal agents. Illustrative examples Would 
be those salts formed by mixing oxymorphone With hydro 
chloric, sulfuric, nitric, phosphoric, phosphorous, hydrobro 
mic, maleric, malic, ascorbic, citric or tartaric, pamoic, lauric, 
stearic, palmitic, oleic, myristic, lauryl sulfuric, naphthylene 
sulfonic, linoleic or linolenic acid, and the like. The hydro 
chloride salt is preferred. 
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It has noW been found that 6-OH oxymorphone, Which is 
one of the metabolites of oxymorphone, may play a role in 
alleviating pain. When oxymorphone is ingested, part of the 
dosage gets into the bloodstream to provide pain relief, While 
another part is metabolized to 6-OH oxymorphone. This 
metabolite then enters the bloodstream to provide further pain 
relief. Thus it is believed that both the oxymorphone and 
6-hydroxyoxymorphone levels are important to pain relief. 
The effectiveness of oxymorphone and 6-hydroxyoxymor 

phone at relieving pain and the pharmacokinetics of a single 
dose of oxymorphone Were studied. The blood plasma levels 
of both oxymorphone and 6-hydroxyoxymorphone Were 
measured in patients after a single dose of oxymorphone Was 
administered. Similarly, the pain levels in patients Were mea 
sured after a single administration of oxymorphone to deter 
mine the effective duration of pain relief from a single dose. 
FIGS. 1-2 shoW the results of these tests, comparing pain 
levels to oxymorphone and 6-hydroxy oxymorphone levels. 

For these tests, pain Was measured using a Visual Analog 
Scale (VAS) ora Categorical Scale. The VAS scales consisted 
of a horiZontal line, 100 mm in length. The left-hand end of 
the scale (0 mm) Was marked With the descriptor “No Pain” 
and the right-hand end of the scale (100 mm) Was marked 
With the descriptor “Extreme Pain”. Patients indicated their 
level of pain by making a vertical mark on the line. The VAS 
score Was equal to the distance (in mm) from the left-hand end 
of the scale to the patient’s mark. For the categorical scale, 
patients completed the folloWing statement, “My pain at this 
time is” using the scale None:0, MildIl, Moderate:2, or 
Severe:3. 
As can be seen from these ?gures, there is a correlation 

betWeen pain relief and both oxymorphone and 6-hydroxy 
oxymorphone levels. As the blood plasma levels of oxymor 
phone and 6-hydroxyoxymorphone increase, pain decreases 
(and pain intensity difference and pain relief increases). Thus, 
to the patient, it is the level of oxymorphone and 6-hydroxy 
oxymorphone in the blood plasma Which is most important. 
Further it is these levels Which dictate the ef?cacy of the 
dosage form. A dosage form Which maintains a suf?ciently 
high level of oxymorphone or 6-hydroxyoxymorphone for a 
longer period need not be administered frequently. Such a 
result is accomplished by embodiments of the present inven 
tion. 

The oxymorphone controlled release oral solid dosage 
form of this invention can be made using any of several 
different techniques for producing controlled release oral 
solid dosage forms of opioid analgesics. 

In one embodiment, a core comprising oxymorphone or 
oxymorphone salt is coated With a controlled release ?lm 
Which comprises a Water insoluble material and Which upon 
exposure to gastrointestinal ?uid releases oxymorphone from 
the core at a controlled rate. In a second embodiment, the 
oxymorphone or oxymorphone salt is dispersed in a con 
trolled release delivery system that comprises a hydrophilic 
material Which upon exposure to gastrointestinal ?uid forms 
a gel matrix that releases oxymorphone at a controlled rate. A 
third embodiment is a combination of the ?rst tWo: a con 
trolled release matrix coated With a controlled release ?lm. In 
a fourth embodiment the oxymorphone is incorporated into 
an osmotic pump. In any of these embodiments, the dosage 
form can be a tablet, a plurality of granules in a capsule, or 
other suitable form, and can contain lubricants, colorants, 
diluents, and other conventional ingredients. 

Osmotic Pump 
An osmotic pump comprises a shell de?ning an interior 

compartment and having an outlet passing through the shell. 
The interior compartment contains the active pharmaceutical 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
ingredient. Generally the active pharmaceutical ingredient is 
mixed With excipients or other compositions such as a poly 
alkylene. The shell is generally made, at least in part, from a 
material (such as cellulose acetate) permeable to the liquid of 
the environment Where the pump Will be used, usually stom 
ach acid. Once ingested, the pump operates When liquid dif 
fuses through the shell of the pump. The liquid dissolves the 
composition to produce a saturated situation. As more liquid 
diffuses into the pump, the saturated solution containing the 
pharmaceutical is expelled from the pump through the outlet. 
This produces a nearly constant release of active ingredient, 
in the present case, oxymorphone. 

Controlled Release Coating 
In this embodiment, a core comprising oxymorphone or 

oxymorphone salt is coated With a controlled release ?lm 
Which comprises a Water insoluble material. The ?lm can be 
applied by spraying an aqueous dispersion of the Water 
insoluble material onto the core. Suitable Water insoluble 
materials include alkyl celluloses, acrylic polymers, Waxes 
(alone or in admixture With fatty alcohols), shellac and Zein. 
The aqueous dispersions of alkyl celluloses and acrylic poly 
mers preferably contain a plasticiZer such as triethyl citrate, 
dibutyl phthalate, propylene glycol, and polyethylene glycol. 
The ?lm coat can contain a Water-soluble material such as 

polyvinylpyrrolidone (PVP) or hydroxypropylmethylcellu 
lose (HPMC). 
The core can be a granule made, for example, by Wet 

granulation of mixed poWders of oxymorphone or oxymor 
phone salt and a binding agent such as HPMC, or by coating 
an inert bead With oxymorphone or oxymorphone salt and a 
binding agent such as HPMC, or by spheronising mixed poW 
ders of oxymorphone or oxymorphone salt and a spheronis 
ing agent such as microcrystalline cellulose. The core can be 
a tablet made by compressing such granules or by compress 
ing a poWder comprising oxymorphone or oxymorphone salt. 
The in vitro and in vivo release characteristics of this con 

trolled release dosage form can be modi?ed by using mix 
tures of different Water insoluble and Water soluble materials, 
using different plasticiZers, varying the thickness of the con 
trolled release ?lm, including release-modifying agents in the 
coating, or by providing passageWays through the coating. 

Controlled Release Matrix 
It is important in the present invention that appropriate 

blood plasma levels of oxymorphone and 6-hydroxy oxymor 
phone be achieved and maintained for su?icient time to pro 
vide pain relief to a patient for a period of 12 to 24 hours. The 
preferred composition for achieving and maintaining the 
proper blood plasma levels is a controlled-release matrix. In 
this embodiment, the oxymorphone or oxymorphone salt is 
dispersed in a controlled release delivery system that com 
prises a hydrophilic material (gelling agent) Which upon 
exposure to gastrointestinal ?uid forms a gel matrix that 
releases oxymorphone at a controlled rate. Such hydrophilic 
materials include gums, cellulose ethers, acrylic resins, and 
protein-derived materials. Suitable cellulose ethers include 
hydroxyalkyl celluloses and carboxyalkyl celluloses, espe 
cially hydroxyethyl cellulose (HEC), hydroxypropyl cellu 
lose (HPC), HPMC, and carboxy methylcellulose (CMC). 
Suitable acrylic resins include polymers and copolymers of 
acrylic acid, methacrylic acid, methyl acrylate and methyl 
methacrylate. Suitable gums include heteropolysaccharide 
and homopolysaccharide gums, e. g., xanthan, tragacanth, 
acacia, karaya, alginates, agar, guar, hydroxypropyl guar, car 
rageenan, and locust bean gums. 

Preferably, the controlled release tablet of the present 
invention is formed from (I) a hydrophilic material compris 
ing (a) a heteropolysaccharide; or (b) a heteropolysaccharide 
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and a cross-linking agent capable of cross-linking said het 
eropolysaccharide; or (c) a mixture of (a), (b) and a polysac 
charide gum; and (II) an inert pharmaceutical ?ller compris 
ing up to about 80% by Weight of the tablet; and (III) 
oxymorphone. 

The term “heteropolysaccharide” as used herein is de?ned 
as a Water-soluble polysaccharide containing tWo or more 

kinds of sugar units, the heteropolysaccharide having a 
branched or helical con?guration, and having excellent 
Water-Wicking properties and immense thickening proper 
ties. 
A preferred heteropolysaccharide is xanthan gum, Which is 

a high molecular Weight (>106) heteropolysaccharide. Other 
preferred heteropolysaccharides include derivatives of xan 
than gum, such as deacylated xanthan gum, the carboxym 
ethyl ether, and the propylene glycol ester. 

The cross linking agents used in the controlled release 
embodiment of the present invention Which are capable of 
cross-linking With the heteropolysaccharide include 
homopolysaccharide gums such as the galactomannans, i.e., 
polysaccharides Which are composed solely of mannose and 
galactose. Galactomannans Which have higher proportions of 
unsubstituted mannose regions have been found to achieve 
more interaction With the heteropolysaccharide. Locust bean 
gum, Which has a higher ratio of mannose to the galactose, is 
especially preferred as compared to other galactomannans 
such as guar and hydroxypropyl guar. 

Preferably, the ratio of heteropolysaccharide to 
homopolysaccharide is in the range of about 1:9 to about 9: 1, 
preferably about 1:3 to about 3: 1. Most preferably, the ratio of 
xanthan gum to polysaccharide material (i.e., locust bean 
gum, etc.) is preferably about 1:1. 

In addition to the hydrophilic material, the controlled 
release delivery system can also contain an inert pharmaceu 
tical diluent such as a monosaccharide, a disaccharide, a 
polyhydric alcohol and mixtures thereof. The ratio of diluent 
to hydrophilic matrix-forming material is generally in the 
range of about 1:3 to about 3: 1. 

The controlled release properties of the controlled release 
embodiment of the present invention may be optimiZed When 
the ratio of heteropolysaccharide gum to homopolysaccha 
ride material is about 1:1, although heteropolysaccharide 
gum in an amount of from about 20 to about 80% or more by 
Weight of the heterodisperse polysaccharide material pro 
vides an acceptable sloW release product. The combination of 
any homopolysaccharide gums knoWn to produce a synergis 
tic effect When exposed to aqueous solutions may be used in 
accordance With the present invention. It is also possible that 
the type of synergism Which is present With regard to the gum 
combination of the present invention could also occur 
betWeen tWo homogeneous or tWo heteropolysaccharides. 
Other acceptable gelling agents Which may be used in the 
present invention include those gelling agents Well-knoWn in 
the art. Examples include vegetable gums such as alginates, 
carrageenan, pectin, guar gum, xanthan gum, modi?ed 
starch, hydroxypropylmethylcellulose, methylcellulose, and 
other cellulosic materials such as sodium carboxymethylcel 
lulose and hydroxypropyl cellulose. This list is not meant to 
be exclusive. 

The combination of xanthan gum With locust bean gum 
With or Without the other homopolysaccharide gums is an 
especially preferred gelling agent. The chemistry of certain of 
the ingredients comprising the excipients of the present 
invention such as xanthan gum is such that the excipients are 
considered to be self-buffering agents Which are substantially 
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8 
insensitive to the solubility of the medicament and likeWise 
insensitive to the pH changes along the length of the gas 
trointestinal tract. 

The inert ?ller of the sustained release excipient preferably 
comprises a pharmaceutically acceptable saccharide, includ 
ing a monosaccharide, a disaccharide, or a polyhydric alco 
hol, and/or mixtures of any of the foregoing. Examples of 
suitable inert pharmaceutical ?llers include sucrose, dex 
trose, lactose, microcrystalline cellulose, fructose, xylitol, 
sorbitol, mixtures thereof and the like. HoWever, it is pre 
ferred that a soluble pharmaceutical ?ller such as lactose, 
dextrose, sucrose, or mixtures thereof be used. 
The cationic cross-linking agent Which is optionally used 

in conjunction With the controlled release embodiment of the 
present invention may be monovalent or multivalent metal 
cations. The preferred salts are the inorganic salts, including 
various alkali metal and/ or alkaline earth metal sulfates, chlo 
rides, borates, bromides, citrates, acetates, lactates, etc. Spe 
ci?c examples of suitable cationic cross-linking agents 
include calcium sulfate, sodium chloride, potassium sulfate, 
sodium carbonate, lithium chloride, tripotassium phosphate, 
sodium borate, potassium bromide, potassium ?uoride, 
sodium bicarbonate, calcium chloride, magnesium chloride, 
sodium citrate, sodium acetate, calcium lactate, magnesium 
sulfate and sodium ?uoride. Multivalent metal cations may 
also be utiliZed. HoWever, the preferred cationic cross-linking 
agents are bivalent. Particularly preferred salts are calcium 
sulfate and sodium chloride. The cationic cross-linking 
agents of the present invention are added in an amount effec 
tive to obtain a desirable increased gel strength due to the 
cross-linking of the gelling agent (e.g., the heteropolysaccha 
ride and homopolysaccharide gums). In preferred embodi 
ments, the cationic cross-linking agent is included in the 
sustained release excipient of the present invention in an 
amount from about 1 to about 20% by Weight of the sustained 
release excipient, and in an amount about 0.5% to about 16% 
by Weight of the ?nal dosage form. 

In the controlled release embodiments of the present inven 
tion, the sustained release excipient comprises from about 10 
to about 99% by Weight of a gelling agent comprising a 
heteropolysaccharide gum and a homopolysaccharide gum, 
from about 1 to about 20% by Weight of a cationic crosslink 
ing agent, and from about 0 to about 89% by Weight of an inert 
pharmaceutical diluent. In other embodiments, the sustained 
release excipient comprises from about 10 to about 75% 
gelling agent, from about 2 to about 15% cationic crosslink 
ing agent, and from about 30 to about 75% inert diluent. In yet 
other embodiments, the sustained release excipient com 
prises from about 30 to about 75% gelling agent, from about 
5 to about 10% cationic cross-linking agent, and from about 
15 to about 65% inert diluent. 
The sustained release excipient used in this embodiment of 

the present invention (With or Without the optional cationic 
cross-linking agent) may be further modi?ed by incorpora 
tion of a hydrophobic material Which sloWs the hydration of 
the gums Without disrupting the hydrophilic matrix. This is 
accomplished in preferred embodiments of the present inven 
tion by granulating the sustained release excipient With the 
solution or dispersion of a hydrophobic material prior to the 
incorporation of the medicament. The hydrophobic polymer 
may be selected from an alkylcellulose such as ethylcellulose, 
other hydrophobic cellulosic materials, polymers or copoly 
mers derived from acrylic or methacrylic acid esters, copoly 
mers of acrylic and methacrylic acid esters, Zein, Waxes, 
shellac, hydrogenated vegetable oils, and any other pharma 
ceutically acceptable hydrophobic material knoWn to those 
skilled in the art. The amount of hydrophobic material incor 
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porated into the sustained release excipient is that Which is 
effective to sloW the hydration of the gums Without disrupting 
the hydrophilic matrix formed upon exposure to an environ 
mental ?uid. In certain preferred embodiments of the present 
invention, the hydrophobic material is included in the sus 
tained release excipient in an amount from about 1 to about 
20% by Weight. The solvent for the hydrophobic material may 
be an aqueous or organic solvent, or mixtures thereof. 

Examples of commercially available alkylcelluloses are 
Aquacoat coating (aqueous dispersion of ethylcellulose 
available from FMC of Philadelphia, Pa.) and Surelease coat 
ing (aqueous dispersion of ethylcellulose available from Col 
orcon of West Point, Pa.). Examples of commercially avail 
able acrylic polymers suitable for use as the hydrophobic 
material include Eudragit RS and RL polymers (copolymers 
of acrylic and methacrylic acid esters having a loW content 
(e.g., 1:20 or 1:40) of quaternary ammonium compounds 
available from Rohm America of PiscataWay, N.J.). 

The controlled release matrix useful in the present inven 
tion may also contain a cationic cross-linking agent such as 
calcium sulfate in an amount su?icient to cross-link the gel 
ling agent and increase the gel strength, and an inert hydro 
phobic material such as ethyl cellulose in an amount suf?cient 
to sloW the hydration of the hydrophilic material Without 
disrupting it. Preferably, the controlled release delivery sys 
tem is prepared as a pre-manufactured granulation. 

EXAMPLES 

Example 1 

TWo controlled release delivery systems are prepared by 
dry blending xanthan gum, locust bean gum, calcium sulfate 
dehydrate, and dextrose in a high speed mixed/granulator for 
3 minutes. A slurry is prepared by mixing ethyl cellulose With 
alcohol. While running choppers/ impellers, the slurry is 
added to the dry blended mixture, and granulated for another 
3 minutes. The granulation is then dried to a LOD (loss on 
drying) of less than about 10% by Weight. The granulation is 
then milled using 20 mesh screen. The relative quantities of 
the ingredients are listed in the table beloW. 

TABLE 1 

Controlled Release Delivery System 

Formulation 1 Formulation 2 

Excipient (%) (%) 

Locust Bean Gum, FCC 25.0 30.0 

Xanthan Gum, NF 25.0 30.0 

Dextrose, USP 35.0 40.0 
Calcium Sulfate Dihydrate, NF 10.0 0.0 

Ethylcellulose, NF 5.0 0.0 

Alcohol, SD3A (Anhydrous) (10)1 (20.0)1 

Total 100.0 100.0 

A series of tablets containing different amounts of oxymor 
phone hydrochloride Were prepared using the controlled 
release delivery Formulation 1 shoWn in Table 1. The quan 
tities of ingredients per tablet are as listed in the folloWing 
table. 
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TABLE 2 

Sample Tablets of Differing Strengths 

Component Amounts in Tablet (mg) 

Oxymorphone HCl, 5 10 20 40 80 
USP (mg) 
Controlled release 160 160 160 160 160 
delivery system 
Silici?ed 20 20 20 20 20 
microcrystalline 
cellulose, N.F. 
Sodium stearyl 2 2 2 2 2 
fumarate, NF 

Total Weight 187 192 202 222 262 
Opadry (colored) 7.48 7.68 8.08 8.88 10.48 
Opadry (clear) 0.94 0.96 1.01 1.11 1.31 

Examples 2 and 3 

TWo batches of 20 mg tablets Were prepared as described 
above, using the controlled release delivery system of For 
mulation 1. One batch Was formulated to provide relatively 
fast controlled release, the other batch Was formulated to 
provide relatively sloW controlled release. Compositions of 
the tablets are shoWn in the folloWing table. 

TABLE 3 

SloW and Fast Release Compositions 

Example 2 Example 3 Example 4 
Ingredients SloW (mg) Fast (mg) Fast (mg) 

Oxymorphone HCl, USP 20 20 20 
Controlled Release Delivery System 360 160 160 
Silici?ed Microcrystalline Cellulose, 20 20 20 
NF 
Sodium stearyl ?lmarate, NF 4 2 2 

Total Weight 404 202 202 
Coating (color or clear) 12 12 9 

The tablets of Examples 2, 3, and 4 Were tested for in vitro 
release rate according, to USP Procedure Drug Release US. 
Pat. No. 23. Release rate is a critical variable in attempting to 
control the blood plasma levels of oxymorphone and 6-hy 
droxyoxymorphone in a patient. Results are shoWn in the 
folloWing Table 4. 

TABLE 4 

Release Rates of SloW and Fast Release Tablets 

Example 2 Example 3 Example 4 
Time (hr) (SloW Release) (Fast Release) (Fast Release) 

0.5 18.8 21.3 20.1 
1 27.8 32.3 31.7 
2 40.5 47.4 46.9 
3 50.2 58.5 57.9 
4 58.1 66.9 66.3 
5 64.7 73.5 74.0 
6 70.2 78.6 83.1 
8 79.0 86.0 92.0 

10 85.3 90.6 95.8 
12 89.8 93.4 97.3 

Clinical Studies 

Three clinical studies Were conducted to assess the bio 
availability (rate and extent of absorption) of oxymorphone. 
Study 1 addressed the relative rates of absorption of con 




















